The presence of signal peptide in the query sequence complicates the transmembrane (TM) topology prediction because the hydrophobic core of signal peptide is easily predicted as the putative first TM segment (Lao and Shimizu, 2001) . In genome wide analyses, the likely signal peptide region is treated in several ways. It was either masked out from topological calculations (Jones, 1998) or omitted (Arkin et al., 1997; Stevens and Arkin, 2000) when picked up as the first TM segment by the TM topology prediction method within a specified region from the N-terminal. One treatment simply avoided the signal peptide by considering a minimum number of predicted TM segments for further analysis (Wallin and von Heijne, 1998), while another treated the signal peptide directly by removing it first from the query sequence before performing prediction analysis by the TM topology prediction method (Kihara and Kanehisa, 2000) . However, in a recent paper by (Krogh et al., 2001 ) the signal peptide was removed only after the prediction of TM helices.
The presence of signal peptide in the query sequence complicates the transmembrane (TM) topology prediction because the hydrophobic core of signal peptide is easily predicted as the putative first TM segment (Lao and Shimizu, 2001) . In genome wide analyses, the likely signal peptide region is treated in several ways. It was either masked out from topological calculations (Jones, 1998) or omitted (Arkin et al., 1997; Stevens and Arkin, 2000) when picked up as the first TM segment by the TM topology prediction method within a specified region from the N-terminal. One treatment simply avoided the signal peptide by considering a minimum number of predicted TM segments for further analysis (Wallin and von Heijne, 1998) , while another treated the signal peptide directly by removing it first from the query sequence before performing prediction analysis by the TM topology prediction method (Kihara and Kanehisa, 2000) . However, in a recent paper by (Krogh et al., 2001 ) the signal peptide was removed only after the prediction of TM helices.
The next question now is how to treat best the signal peptide-removing it before or after performing prediction analysis? At this time, however, there are no published papers regarding this aspect. Thus, it would be helpful and appropriate to conduct a study that addresses this issue to determine which of the two treatments for signal peptide is best. Moreover, knowing the extent of influence of the presence of signal peptide, as well as transit peptide, on the prediction performance of TM topology prediction methods is equally important.
In this paper, we were able to show the effect of the presence of signal peptide on ten selected TM topology prediction methods by the different prediction accuracy ratings obtained if the signal peptide region in the query sequence is left untreated (remain), or treated (removed) either before or after performing prediction analysis.
Likewise, the prediction performance of the ten selected TM topology prediction methods was assessed for TM sequences with transit peptide. There were three attributes considered for assessment: the number of TM segments (TMSs), the number of TM segments plus TMS-position, and the N-end location. The combination of the three attributes determines the predicted TM topology. Prediction accuracy was measured on per sequence entry basis.
TM protein sequences with signal peptide annotation and with high experimental evidence were collected from SWISS-PROT database (Bairoch and Apweiler, 2000) , Möller's TM data set (Möller et al., 2000) , and TMPDB (Shimizu and Nakai, 1994; Ikeda et al., 2002) . The collected sequence entries were checked for sequence similarity (< 30% for every pair of sequence entries) using CLUSTALW (Thompson et al., 1994) . Twenty-three entries were filtered and used as the TM signal peptide data set. (Klein et al., 1985) , TMpred (Hofmann and Stoffel, 1993) , TopPred II (Claros and von Heijne, 1994) , DAS (Cserzo et al., 1997) , TMAP (Persson and Argos, 1997) , MEMSAT 2 (Jones et al., 1994; McGuffin et al., 2000) , SOSUI (Hirokawa et al., 1998) , PRED-TMR2 (Pasquier et al., 1999) , TMHMM Three attributes were considered to decide for the predicted topology, namely: the number of predicted TM segments, the number of predicted TM segments plus TMS-position, and the N-end location. The correctness of the prediction for a TM segment was based on the distance between the center positions of the predicted TM segment and the actual TM segment, which should be less than or equal to 11 residues. For the predicted number of TMSs and the predicted N-end location, the number of TMSs and N-end location in the actual annotation for the query sequence should match to indicate a correct prediction. Since prediction accuracies were measured on per sequence entry basis, wrong prediction in at least one of the predicted TM segments among multi-spanning TM sequences will eventually result in wrong prediction for the whole sequence entry.
When performing prediction analysis, the ten selected TM topology prediction methods were applied three times to the signal and transit peptide sets. First, the signal (or transit) peptide region of the query sequence was not removed (remain) and prediction analysis was carried out immediately. Second, the signal (or transit) peptide region as indicated in the actual signal (or transit) peptide annotation for the query sequence, was removed first before applying the TM topology prediction methods (removed first). Third, the TM topology prediction methods were first applied on the query sequence. If the predicted first TM segment overlaps with the actual signal (or transit) peptide region, then either the C-end of the predicted first TM segment or the C-end of the signal (or transit) peptide region, whichever is longer, determines the boundary for the excluded region of the sequence (removed later). Consequently, the predicted N-end location was changed automatically to the opposite direction. From the remaining predicted TM segments and the altered N-end location, the correctness of the prediction for the three attributes was assessed subsequently. On the other hand, if the predicted first TM segment does not overlap any part of the actual signal (or transit) peptide region, then no changes were made to the outcome of the prediction analysis.
To determine whether the observed differences in the prediction accuracy ratings for the three signal (or transit) peptide treatments are statistically significant or just by chance, statistical analyses were performed for each of the three attributes and the predicted TM topology. Considering that the assumptions associated with using a parametric test could not be ascertained to hold especially with the relatively fewer samples, a non-parametric statistical test (Friedman test) was used instead. Since Friedman test begins by transforming the prediction accuracy ratings into ranks for each TM topology prediction method, the subsequent interpretation of significance should not be viewed as reflective of the actual level of prediction rating. Instead, it should be perceived in the statistical standpoint of randomness of the rank ordering of prediction accuracy ratings for the three signal peptide treatments across the ten selected TM topology prediction methods. Hence, if the Friedman test produces significant results, then the mean ranks of the three signal (or transit) peptide treatments will vary significantly, which implies bias to particular signal peptide treatments. A free website for performing statistical computation, VassarStats (http://faculty.vassar.edu/lowry/VassarStats.html), was accessed to perform all statistical calculations used in the study. Table 1 reveals that ignoring the presence of signal peptide, or left untreated, resulted in dismally low accuracies for all the three predicted attributes and the predicted TM topology. Although, physiologically, their presence is necessary to provide the topological conditions for the transfer of the nascent chain across the membrane (Blobel and Bobberstein, 1975) , but in TM topology prediction analysis, their presence in the query sequence has a degrading effect in the performance of the prediction method. The reason for this poor performance, if the signal peptide is not removed from the query sequence, is that, the signal peptide has a hydrophobic core (von Heijne, 1986; Nakai, 2000) , which can be easily predicted as the putative first TM segment by the prediction method. Since the signal peptide is cleaved-off at some point during or after completion of translocation (Broome-Smith et al., 1994) , it is not considered in the total count of predicted TM segments. Thus, if the hydrophobic region of the signal peptide is predicted as the first TM segment, then the predicted number of TM segments expectedly will exceed by one (unless treated properly), and since prediction accuracy is based on the whole sequence, the effect becomes severe. On the contrary, removing the signal peptide either before or after prediction analysis has markedly improved the prediction accuracies at various rates depending on the TM topology prediction method used. However, among TM sequences with transit peptide, no difference at all in prediction accuracies is noticed for the three transit peptide treatments. To confirm these observations statistically, the prediction accuracy ratings for the three signal (or transit) peptide treatments in the three attributes and the predicted TM topology were analysed using Friedman test. This statistical test calculates a version of the Chisquare statistic, which is compared to a Chi-square critical value to decide for statistical significance. Table 2 shows the statistical significance of the Friedman test for each of the predicted attributes and the predicted TM topology and for each data set. The statistical significance of the test was compared to the standard acceptable levels of 5% and 1%. Only the signal peptide set has yielded statistically significant results for the three predicted attributes and the predicted TM topology with estimated p-values of the Chi-square statistic less than the standard acceptable level of significance. This implies that removing the signal peptide ascertains higher prediction accuracy. Furthermore, unless the signal peptide is treated properly, its presence significantly influences the outcome of prediction analysis. Contrary to signal peptide, the presence of transit peptide in the query sequence has not significantly affected the prediction performance of the ten selected TM topology prediction methods. Thus, this shows that transit peptide does not pose any potential problem in topology prediction analysis for TM proteins by topology prediction methods.
Although mean prediction accuracies between the two treatments of signal peptide, that is either removed first or removed later, have slight differences of around 1-5 percentage points only, these observed differences were further tested statistically for significance. Another non-parametric test, the Wilcoxon Signed Ranks test, was used. Test results for the three predicted attributes and the predicted TM topology have indicated statistical insignificance (results not shown). Thus, regardless whether the signal peptide is removed either first or later from the query sequence, the same effect in prediction accuracy can be achieved. This clearly shows also that, for as long as the signal peptide is removed either before or after prediction analysis, the prediction performance of TM topology prediction methods is not significantly affected. However, some of the selected TM topology prediction methods such as TMpred, TopPred II and TMHMM 2.0, have shown higher prediction accuracies if the signal peptide is removed later, while the rest have shown no difference at all or the opposite.
In summary, the presence of signal peptide in the TM sequence has significantly influenced prediction performance of the ten selected TM topology prediction methods. Unlike in signal peptide, the presence of transit peptide in the TM sequence has not significantly affected the prediction performance of the ten selected TM topology prediction methods. In addition, higher prediction accuracy can be expected if the signal peptide is removed either before or after prediction analysis. Regarding the question on which of the two signal peptide treatments is appropriate-removed first or later-the choice depends on the TM topology prediction method used, although statistically, the gain in prediction accuracy is the same. Furthermore, it is imperative that when performing genome wide analyses of TM protein topology, the issue on signal peptide presence should be properly addressed. This study also has demonstrated that signal peptide should be removed if present, which can be done either before or after prediction analysis. Although, at this point, it is still premature to assert strongly as regards the effect of signal peptide on TM topology prediction until more experimentally characterized topology data of TM proteins with signal peptide are available for evaluation. 
